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Jet Vetos and ISR

[ Jelele]e}

Hard Interaction at LHC

Higgs and New physics hide at short distances in hard interaction

Factorization: “Cross section can be computed by combining separate pieces”
do = PDFs ® ISR ® hard interaction ® FSR ®
~—_——

initial-state matrix-element final-state
parton shower generator parton shower
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Jet Vetos and ISR
00000

Why Veto Jets?

Hard interaction identified by looking for signal with
characteristic number of jets plus leptons/photons

= Want to measure exclusive jet cross section
pp — XL+ N jets

Background discrimination often requires a veto on additional jets

@ SM processes with same signal signature and additional jets
» H — WW dominated by t£ — WWbb by ~ 1 : 40
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Why Veto Jets?

Hard interaction identified by looking for signal with
characteristic number of jets plus leptons/photons

= Want to measure exclusive jet cross section
pp — XL+ N jets

Background discrimination often requires a veto on additional jets
@ SM processes with same signal signature and additional jets
» H — WW dominated by t£ — WWbb by ~ 1 : 40
@ Jets can fake signal leptons or photons (e.g. hard 7% — ~~)
» H — ~~ has huge backgrounds from pp — 34, pp — j~v
@ Reconstructing new-physics masses and decay chains
» Additional jets cause large combinatorial backgrounds

q q I et
7 q N> ot N,
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Jet Vetos and ISR

[e]e] le]e}

Example: g9 — H — WW

@ 3 Data
I T U R e 1-CL, Expected b) D@54fst B8
Q 10 -CDEXDORunl = 1-CL_ Observed Siggr:jailsySL
T =454t ) Expected £10 o3
11F [ 1 Expected +20. = Diboson
S R D T T 10 R, EW+ets
959% C.L. [OMultijet

Ik
130 140 150 160 170 180 190 200 0o 2 4 6

m (GeV) Number of jets

Want gg — H + 0 jets to eliminate gg — tt — WWbb
@ Run jet algorithm and veto all events having jets with
et > ps*t ~ 20 GeV and |t < put ~ 2.5
Tevatron excludes mg ~ 165 GeV at 95% CL
@ Dominant sensitivity from 0-jet sample

= Setting limits requires reliable theory predictions and uncertainties
(Theory uncertainties have been questioned [Baglio, Djouadi])
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Jet Vetos and ISR
[e]e]e] To)

Inclusive vs. Exclusive Jet Cross Section

Inclusive jet cross section
@ Can be obtained from fixed-order partonic calculation

o_hadronic — Z O_Z.artonlc ® fz ® f_]
.

@ Tree-level matrix element for 45 — IN partons corresponds to LO
inclusive (“total”) cross section to produce IN or more jets
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Jet Vetos and ISR
[e]e]e] To)

Inclusive vs. Exclusive Jet Cross Section

Inclusive jet cross section
@ Can be obtained from fixed-order partonic calculation

o_hadronic — Z O_Z.artonlc ® fz ® f_]
.

@ Tree-level matrix element for 45 — IN partons corresponds to LO
inclusive (“total”) cross section to produce IN or more jets

Exclusive jet production very different from inclusive jet production

@ Jet veto imposes strong phase space restriction, causing potentially large
double logarithms a™ In™<2" (pst / Q)

= Fixed-order perturbation theory may not be enough

(One reason for attaching parton shower to a fixed-order calculation)
= Theory uncertainties?
= Relevant factorization theorem?
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Jet Vetos and ISR
0000e

Hadronic Initial-State Radiation

Hadronic ISR has important effects

@ Modifies parton luminosity available for
hard interaction

@ Causes additional jets unrelated to hard
interaction (incoming gluons radiate a lot)

= Jet veto affects cross section by
restricting ISR

ot

1.8 [
C —— £,(100GeV)/f,(10 GeV) ]
1'6:’\ £,(1TeV)/£,(100GeV)
14f == Ju(100GeV)/f.(10 GeV) 3
PDF DGLAP evolution is insufficient Lab Fu(1TeV)/£u100GeV) - 1
to sum double logarithms from ISR F .o 1
@ Proper scale to evaluate PDFs? 0sf N
0.6F PDF scale dependence J
sl il NG

0'?0*" 31073 0.0

x
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Beam Thrust and Beam Functions
0000000

Implementing Jet Vetos in Theory Predictions

Jet veto via jet algorithm yields complicated phase-space cuts
@ Currently rely on parton shower Monte Carlo to sum leading logs
» ISR modelled by initial-state shower (less tested than final-state one)
» MC@NLO, POWHEG: fixed NLO + parton-shower LL summation

[Frixione, Webber; Nason et al.]

@ FEHIP, HNNLO: NNLO parton-level Monte Carlos forgg — H — WW

[Anastasiou et al.; Grazzini]
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Beam Thrust and Beam Functions
0000000

Implementing Jet Vetos in Theory Predictions

Jet veto via jet algorithm yields complicated phase-space cuts
@ Currently rely on parton shower Monte Carlo to sum leading logs

» ISR modelled by initial-state shower (less tested than final-state one)
» MC@NLO, POWHEG: fixed NLO + parton-shower LL summation

[Frixione, Webber; Nason et al.]

@ FEHIP, HNNLO: NNLO parton-level Monte Carlos forgg — H — WW

[Anastasiou et al.; Grazzini]

Want to implement jet veto by cutting on simple kinematic variable

= Analytic control of phase-space restriction from jet veto allows for
@ Systematic summation of phase-space logs
(beyond parton shower and leading log)
@ Theory treatment of soft effects
(beyond hadronization and underlying event models)
@ Better handle on theory uncertainties
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Beam Thrust and Beam Functions
0@00000

Isolated Drell-Yan: pp — X €14~ + 0 jets

£+
Hard interaction qq — ~/Z — £1T£~ X
@ Variables
Q% = (pe+ + pe-)?
> 2 <
Y = dilepton rapidity P
@ Hard scale pg ~ Q = /Q?
X
pu
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Beam Thrust and Beam Functions
0@00000

Isolated Drell-Yan: pp — X €14~ + 0 jets

£+
Hard interaction qq — ~/Z — £1T£~
@ Variables
Q* = (pe+ + pe-)? Jeta
P P

Y = dilepton rapidity
@ Hard scale pg ~ Q = /Q?

Impose veto on central jets: pp — ~/Z + 0 jets
@ Hadronic final state X dominated by ISR
@ Energetic radiation only in forward direction (at measurable rapidities)
° everywhere (underlying event)

= Simplest process to study jet veto and ISR
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Beam Thrust and Beam Functions
[o]e] le]elele)

Definition of Beam Thrust

1
™B = — Z|ﬁkT| e~ =Yl
Q%

p

. {e—y +e¥> (Ex— pi)}

Ne>Y
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[o]e] le]elele)

Definition of Beam Thrust

1
™B = = Z|ﬁkT| e~ Im—Yl
Q%

1
-5l +e¥Y (B —p))
Ne>Y
Type of radiation Momentum scaling Contribution to 5
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Definition of Beam Thrust
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Definition of Beam Thrust
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Q%

1
Ne>Y
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Beam Thrust and Beam Functions
[o]e] le]elele)

Definition of Beam Thrust

1
™B = = Z|ﬁkT| e~ Im—Yl
Q%

1
= = {e‘y + eyz (Er — p})
Q Ne>Y
Type of radiation Momentum scaling Contribution to 5
Forward energetic E., - pi| <K Q <1
Central energetic E,£p: ~E,~Q ~1

Require Tp < 1
@ Allows & forward energetic but no ceniral energetic radiation
= Provides central jet veto via simple kinematic variable
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Beam Thrust and Beam Functions
[o]e]e] lelele)

Beam Thrust Factorization Theorem

Factorization theorem for 75 < 1 (Tap = (Q/Ecm)etY)

o _ Smoe, > Hij(Q%p)
dQdydrs  9E;.Q ij={aq,qq}
X /ldtaBi (tas Ta, 1) ta
X [14 O(Aqcp/Q; 7B)]
Function describes at scale
hard virtual radiation pH ~ —iQ

Hard H,L'j (Qz, [J,)

Beam B;(t,x, ) virtual & real energetic ISR up ~ /7T8Q

@ Large logs from central jet veto are a”(In™ 75) /75 or a? In™ 75
» Summed by RG evolution of H;; (), B; (1), ,

2010-06-23
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Beam Thrust and Beam Functions
[e]e]e]e] lele)

Physical Picture of Initial State

Measurement probes PDFs at some intermediate scale up

incoming
beam

X hard interaction
I
I
I
]
]
]

>t >

,u'A changing x IIB 7528

u < pp: On-shell partons “inside” incoming proton
@ ISR captured by PDF evolution, redistributes momentum fraction «
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Beam Thrust and Beam Functions
[e]e]e]e] lele)

Physical Picture of Initial State

Measurement probes PDFs at some intermediate scale up

incoming
beam

HA changing x ﬁ,:B changing ¢ llH
u < pp: On-shell partons “inside” incoming proton

@ ISR captured by PDF evolution, redistributes momentum fraction «

u > pp: Off-shell parton with virtuality —¢ < 0 part of incoming jet
@ Colliding parton emits collinear and ISR “outside” proton
@ ISR goes into final state and is measured by jet veto
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Beam Thrust and Beam Functions
0000080

Beam Function Calculation

u = pp: Can calculate B‘(uB) perturbatively in terms of f;(ug)
B (t wqu) _Z/ é. 1] NUB)fJ(Equ) _6(t).fl(m7HB)+

@ Z,;; computed to NLO for all ij
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Beam Thrust and Beam Functions
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Beam Function Calculation

u = pp: Can calculate B‘(uB) perturbatively in terms of f;(ug)

B (t wqu) _Z/ é. 1] 7MB)fg(5aliB) _6(t)fl(m7HB)+

@ Z,;; computed to NLO for all ij

u > pp: PDF evolution replaced by beam-function evolution

d )
,LL*B,;(t, €T, /’l’) = /dtl’Y;B(t - tla ,U’) Bi(t/a T, ,U)

dp H

i i 1 16(t) i R
fyB(t” “) = _zrcusp( ) DY 2 + ’YB(aS) 6(t) AA

t/pn?]y B
@ Sums double logs of ¢ i
@ No mixing in « or ¢ (in contrast to PDF) s

® vh(t) = v5(2)

» known to 3 l00ps [from Moch, Vermaseren, Vogt]
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Beam Thrust and Beam Functions
000000e

Correspondence with Fixed-Order Calculation

N A S e
W PR e N
= NN+ + X + OV
/}/ /, ’ ’ /,
‘ 1) . (1) e (1)
H,; Bq B
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Beam Thrust and Beam Functions
000000e

Correspondence with Fixed-Order Calculation

\* \A\ ) \*\ \‘\
= NN+ y + % + )V
}/ I ¢ L7 A
’ (1) - 1 & (1) /-
Hqt? Bc(z ) Bti
TS - > @S N\
X ~ S
y = O T+ . + NN
—<aANN A7 x 7k
e 1 (1) ’
B B;
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Beam Thrust and Beam Functions
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Correspondence with Fixed-Order Calculation

= B(t) resums ISR t-channel singularities
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NNLL Results for Drell-Yan and Higgs
@000000

Drell-Yan Cross Section With Central Jet Veto

Compare cross section (integrated over Y) [using MSTW2008 NLO PDFs]
@ inclusive without cut at NLO
@ with jet veto 75" = {0.1,0.02} at NNLL

ETTTTITTTET L
100 = —— no cut (NLO) E
— 10E - —-7$"%=0.1 (NNLL)
E ==\ Cut =0.02 (NNLL) -
> 01" , opp(Bem=T7TeV) =
=Y g : pplFem 3
— 0.01g---- . . =
S 1oy
>~ E 3
S 107k E
1075 0.10,p(Eem=1.96 TeV) -
10—65\ \\\\HH‘ | ‘ | ‘ \\ \\HH:
50 100 200 300 500 1000

Q [GeV]
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NNLL Results for Drell-Yan and Higgs
0@00000

Drell-Yan Beam Thrust Cross Section

differential in 75

20

A0 T T
%35? Eom=7TeV 7;
C530: Q=myz B
<30 =
SF B NNLL ]
R E E=NLL E
S20E ELL E
g FOSNa e sing. NLO 7
5 E
) = E
T 10;* =
S 3
= E | [ —

] Y B ] I B N ] B ]

00 1 15
Q7p [GeV]

Cross section dominated by small 75 where summing (In7g) /75 or In?

is important

integrated over g < T
280 o T T
En=T7TeV
Q=mz

B NNLL

E=NLL
=1L

10 15 20
Qe [GeV]

cut
B

@ Perturbative uncertainties are envelope of separate pg, pug, pus variation
@ Soff function is perturbative in tail, becomes nonperturbative below peak
@ Good convergence, significantly improved by summing constant 72 terms

in hard virtual corrections
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NNLL Results for Drell-Yan and Higgs
0@00000

Drell-Yan Beam Thrust Cross Section

differential in 75 integrated over g < T

16 pryrrrrrr e ey 80 e e e e e
b Een=1.96TeV ] ;70;EC,,,:1.96TeV
ot Q=mz © SeoL ™
<12F = =
2 mENNn 20 E
R0 E=NLL 4 B50- 3
= E=LL ey E
S PN e sing. NLO 1 3% E
T 6 = =3 B NNLL E
5 1< E
< 4 4 Z2 E== NLL 3
S, ERr ==L
= 25 ........... 3 ey sing. NLO 7
Vo’\uuuu\\\\H\\\T-\.'\T'\'\"\'r'\'r"w-\'1-r1-r-\-¢~\- 0 L e b b g

0 15 20 0 5 10 15 0

Q7p [GeV] Qg [GeV]

Cross section dominated by small 75 where summing (In7g) /75 or In? T
is important

@ Perturbative uncertainties are envelope of separate pg, pug, pus variation
@ Soff function is perturbative in tail, becomes nonperturbative below peak

@ Good convergence, significantly improved by summing constant 72 terms
in hard virtual corrections
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NNLL Results for Drell-Yan and Higgs
[e]e] le]elele)

Beam Thrust for Higgs Production

Higgs production: gg — H + 0 jets

T5™ = |perle”™ = "(Ex — Ipl)
k k

P,

Factorization theorem for 75 < mpg
La,b = (mH/Ecm)e:I:Y

do _ V2GF m%{
d7g™  B76mE2

Hgg(mye, my, p) /dY

X /.dtaBg(tav mavu)
X [1 =+ O(AQCD/mH,TB/mH)]

@ Gluon hard function contains gg — H vertex plus hard virtual corrections
@ Now have gluon beam and functions for incoming gluons
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NNLL Results for Drell-Yan and Higgs
[e]e]e] lelele)

Higgs Production with Central Jet Veto

gg — H production cross section with central jet veto T5™ < T5™°"*
@ T5™°" ~ 10 GeV gives similar suppression of tf as

veto on jets with piS* > 25 GeV, || < 2.5 (using Pythia+PGS)

16 prerrrr T Ld e e e e
14 o =TTV 3 1 Eew=1.96TeV 3
12 Tp =10GeV 2 T =10GeV ]
ES NNLL S 1 B NNLL

=10 ---NLL 3 NLL ]
28 =N o 308 A
® 6 ll LL 1 o 06 ==rL
: :

2 e E

00 120 140 160 180
mpy [GeV]

200

00 120 140 160
mpg [GeV]

180 200

Perturbative corrections and uncertainties significantly larger than in Drell-Yan
@ Mostly from fixed-order, NLL’ includes NLO matching in NLL result
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NNLL Results for Drell-Yan and Higgs

[e]e]ele] lele)
Beam Thrust Cross Section for Higgs Production
differential in 7g™ integrated over T5™ < TS™ e

0.45EH\]'\\\\\‘\\\\\\\H‘\\\\\\H\‘HH\HH‘\HHHHE 10:\HH\H\‘H\HHH‘HHHH\‘\H\HH\‘HH\
0.4 Eon=7TeV 4 F Em=T7TeV

> 0.35E mpy=165GeV 3 F my=165GeV

5 63; EENNLL ] = |

> F ---NLL’ ENC T )

& 0255 E=NLL 5 o

gm 0'2; é %’“m ;

SRR e G s

~ E 3 ® E

€ 0.1f E g

el E =
0.05 1

20 30 50 10 20 30 40 50
Tém [GeV] Tgm,cnt [GeV]

Jet veto has stronger impact for gluons than quarks: Ca/Cr = 2.25
@ 72 summation enhances, log summation suppresses cross section

@ Large ~ 25% scale uncertainties even at NNLL

» Will be improved by including NNLO matching (N3LL)

» NNLO H,,(my, m%;, prr) known from three-loop gg H form factor
[Harlander et al.; Pak, Rogal, Steinhauser]

» NNLO B, (t, =, np) and S7)/(k, ;1) are feasible

0

Frank Tackmann (MIT) Fact. & Resummation for Excl. Jet Cross Sections 2010-06-23 17/22



NNLL Results for Drell-Yan and Higgs
[e]e]ele] lele)

Beam Thrust Cross Section for Higgs Production

differential in 7,5™ integrated over 7g™ < Tgm’cut

0.5 g
E.,=1.96 TeV
my =165 GeV

0025 fresr e
: Eon=1.96 TeV

> 0.02 mpy=165GeV 0.4
3 B NNLL )

2 0.015 - —-NLL 0.3
= E=NLL £

l‘-;‘:l 0.01 g R, L:a 0.2
o ~

5 Y

3 0.005 0.1

10 20 30 40 50
Tgm,cut [GeV]
Jet veto has stronger impact for gluons than quarks: Ca/Cr = 2.25

@ 72 summation enhances, log summation suppresses cross section
@ Large ~ 25% scale uncertainties even at NNLL

» Will be improved by including NNLO matching (N3LL)

» NNLO H,,(my, m%;, prr) known from three-loop gg H form factor
[Harlander et al.; Pak, Rogal, Steinhauser]

» NNLO B, (t, =, np) and S7)/(k, ;1) are feasible

50
T [GeV]
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NNLL Results for Drell-Yan and Higgs
[e]e]ele]e] o)

Matching to Fixed NLO

E.,=TTeV
mpg=165GeV

B NNLL(no 7%)+NLO
NNLL(no 7?)
= NLO

o (T5"") [pb]

0 10 20 30 40 50 60 70 80 90 100
T [GeV]

[Fixed-order results from FEHIiP (thanks to F. Petriello)]
Match NNLL (without 7r2) to full NLO( = m ) at large 75"
@ Nonsingular corrections from full NLO are small

@ Need to choose pp (7™ ") and ps(T5™") with s = pp = pu
for 75" > m /2 to switch off resummation
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NNLL Results for Drell-Yan and Higgs
[e]e]ele]e] o)

Matching to Fixed NLO

0.5
E Eowm=1.96 TeV
0.4F
= E
2 E
— 0.3
E E e
$n 0.2
) B NNLL(no 7%)4+NLO
S TAEY 25 CE NNLL(no w?)

=—NLO

40 50
T [GeV]

[Fixed-order results from FEHIP (thanks to F. Petriello)]

60

Match NNLL (without 7v2) to full NLO(u = my) at large T5™ "
@ Nonsingular corrections from full NLO are small

@ Need to choose pp (7™ ") and ps(T5™") with s = pp = pu
for 75" > m /2 to switch off resummation
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NNLL Results for Drell-Yan and Higgs
000000e

Comparison to Fixed NNLO

normalized relative to NNLL+NLO result

10 prerrer e 100
: Ep—7TeV F \‘H\HHH‘H\Huu‘éul\’\?\%u\\[uuu;
8E mu=165GeV 80 n;m:wse(;ev E
— £ H= 3
i E 60 B NNLL+NLO 3
;\6:7 . E E= NNLO E
ERE X 40F NLO E
wap S 205 -
e B NNLL+NLO 0;
2k E= NNLO E
NLO —20 =
0 o b e b L _40:\\\\HH‘\HHHH‘HHH\H‘H\HHH‘HHHH\:
0 10 20 30 40 50 0 10 20 30 40 50
Tch,cut [GeV] Tgm,cut [GeV]

[Fixed-order results from FEHiP (thanks to Frank Petriello)]
Compare full NNLL4+NLO to NLO(px = mgr/2) and NNLO(p = mp/2)
@ NNLO moves NLO into right direction (as it should)
@ Total cross section from NNLL+NLO (with 7w2) very close to fixed NNLO

@ N3LL+NNLO required to properly compare to NNLO
(will also reduce scale uncertainy)
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NNLL Results for Drell-Yan and Higgs
000000e

Comparison to Fixed NNLO

normalized relative to NNLL+NLO result

o
3

E ey 100 - e
e ey soF B =1.96TeV
_Odg ma= © g mu =165 GeV
2 60 E= NNLL+NLO
—~o3F . E= NNLO
E X 40 NLO
wo2f 8 20F
¥ k = NNLL+NLO g
0.1 E== NNLO o
NLO _20F
o M L E ‘ ‘ | |
0 10 20 30 40 50 YT ) SEEEE SN RN AR E NS NN NS AN N,

[=)

10 20 30 40 50
Tgm,cut [GeV]
[Fixed-order results from FEHiP (thanks to Frank Petriello)]

Compare full NNLL4+NLO to NLO(px = mgr/2) and NNLO(p = mp/2)
@ NNLO moves NLO into right direction (as it should)
@ Total cross section from NNLL+NLO (with 7w2) very close to fixed NNLO

@ N3LL+NNLO required to properly compare to NNLO
(will also reduce scale uncertainy)

Tém.cut [GeV]
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Outlook
®00

N-Jettiness for pp — XL + N jets

2 .
™= 0 Zmln{qa-pk, "Dk G1°Dhs «+ - » QN‘pk}
k

Particles get associated with closest jet/beam b a1 e
@ g; are massless reference momenta ' /e

Qf: =zoFem %(1’ 2)a ql; - EJ(laﬁJ)

@ Large contributions only from energetic P
particles not collinear to any beam or jet

» 7 ~ 1: Additional hard jets
» 7n K 1: N-jet region

@ Different jet algorithms only differ in treatment of soft particles
> (must) give same g, up to p.c. = 7% = 3% £ O(72)
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Factorization for IN-det Cross Section (7y < 1)
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% to ZJSJ

o+ Jet 1

° ﬁij_,,{({qm}, L) contains hard scattering
i(qa)j(a0) — L(q)k1(q1) - - £n(an)

@ Measurement function Fn ({gm }, L)
encodes signal requirements on L and N Jets

e B, describe ISR, J,. , describe FSR

° describes Jet2 Jet 3
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Summary

Measurements need to veto unwanted jets
@ Jet vetos have strong impact and cause large logs
= Should be summed beyond parton shower !

Beam thrust: Inclusive event shape to veto jets
@ Hadronic observable with full analytic control
@ Factorization allows systematic resummation of logarithms
@ Can be generalized to processes with N signal jets: IN-jettiness

= Beam functions required to sum double logs from ISR
(ISR analog of jet functions)

Results for two examples with no central jets at NNLL
@ Drell-Yan: Important benchmark process to study ISR and jet veto
@ Higgs production: Jet veto is essential to beat down ¢ background
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Compare to Transverse Energy and Momentum

=Y WZT""WY' = ;[eYB:m +e Y B (V)]
k

Er =3 |pirl,  fr=) er
* : "
H 78 Er pr W
Linear in momenta v < X 4/ 0'8;’
Constrains central radiation \/ W) X Zj:
orecorimy |V W Ve

Boost invariant along z NARVARYi S R e

@ BT is natural scalar quantity complementary to vector g
@ Limited rapidity reach of detectors is no problem, worst-case scenario:

LHC: Ndet = 5 = 14 TeVe 1% = 0.6 GeV
Tevatron: Ndet =4 = 2TeVe 8 = 0.7 GeV

Frank Tackmann (MIT) Fact. & Resummation for Excl. Jet Cross Sections 2010-06-23 23/22



Backup
0@0000

Standard Factorization for Inclusive Drell-Yan

Factorization theorem for inclusive pp — X €1~ [Coliins, Soper, Sterman; Bodwin; '80s]

do Smim dg, dgy (22,7, g2
dQdy 9E2 Z / a Eb £, 5 —Q a,u).fz(gmu)fj(gba,“)

1,5={q,3,9}

A x o
« |1+ o( QCD)}
Q
p X P
@ Typ = Q etY leptonic momentum fractions
cm x
> (Only) at tree level: &, = x4, &b = Tp e

@ Only physical scales are Aqcp and hard scale pgy ~ Q

» PDF evolution sums single logarithms o In" (Aqcp /Q)
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One-Loop Matching Calculation for Beam Function

Compute Z;;(t, z) perturbatively by taking partonic external states
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NLO Result for Quark Beam Function

Bi(t, z, 1) Z/Ids i (b 1) Fi(6 ) J

Tua(t2,) = 5(8) 8(1—2) + 22 U0CF gz)

x{ z:1< )5(1—z)—|——£0( )[qu(z)_faa 2)]

) {ﬁl(l—z)(l—i-zz) - ? 5(1—2) +0(1—2)(1-= - 11+z2 In z)] }

Zyg(t,z, 1) = a%;me(z){%[@(%)ﬂzg(z) +4(t) {qu(z) <1“ 1; - 1) + 9(1——2)} }

® Puy(z), Pyg(z) AP splitting functions, £,,(y) = [0(y)(Iny)™/y]+
@ Logs are minimized for p? ~ t

@ Nontrivial check: n dependence of Z;;(t, z, ) indeed converts PDF
running into beam-function running
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Drell-Yan Theory Uncertainties
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@ Difference between fixed-order and resummed result is generically large
and not captured by fixed-order scale uncertainties

@ PDF+ay uncertainties are MSTW2008 90% CL
@ Gluon contribution more important at LHC than Tevatron (pp vs. pp)

@ Threshold limit x — 1 for beam functions is poor approximation
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Higgs Production Theory Uncertainties
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@ Difference between fixed-order and resummed result is larger than for
Drell-Yan

@ Also larger scale uncertainties, 20% to 30% at NNLL

@ PDF+a uncertainties are MSTW2008 90% CL
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